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' . S * ntheti * 9ene encoding a protein normally 

I2l7< Preferred codon in the natural gene 

encoding said kalian protein has been replaced by a 
> Preferred codon encoding the same amino acil. 

svntheti 2 * ^ SynthetiC 9ene of cl -» 1 wherein said 
synthetic gene as capable of expressing said mammalian 
protexn at a level which is at least im of that 
expressed by said natural gene in an in YiJ^ kalian 
cell culture system under identical conditions. 

svnth , The s y™<*^ ^ne of claim i wherein said 
synthetic gene is capable of expressing said mammalian 
Protean at a level which is at least 150% of that 
expressed by said natural gene in an U, ce ii 
culture system under identical conditions. 

4. The synthetic gene of claim i wherein said 
synthetic gene is capable of expressing said mammalian 
protein at a level which is at least 2 00% of that 
expressed by said natural gene in an in vitro cell 
culture system under identical conditions. 

5. The synthetic gene of claim l wherein said 
synthetic gene is capable of expressing said mammalian 
protein at a level which is at least 500% of that 
expressed by said natural gene in an in cell 
culture system under identical conditions. 



6. 



The synthetic gene of claim 1 wherein said 
synthetic gene is capable of expressing said mammalian 
protein at a level which is at least ten times that 
expressed by said natural gene in an in vitro cell 
30 culture system under identical conditions. 
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7. The synthetic gene of claim 1 wherein at least 
10% of the codons in said natural gene are non-preferred 
codons . 



8. The synthetic gene of claim 1 wherein at least 
5 50% of the codons in said natural gene are non-preferred 
codons. 



9. The synthetic gene of claim 1 wherein at least 
50% of the non-preferred codons and less preferred codons 
present in said natural gene have been replaced by 

10 preferred codons. 

10. The synthetic gene of claim 1 wherein at 
least 90% of the non-preferred codons and less preferred 
codons present in said natural gene have been replaced by 
preferred codons. 

15 11. The synthetic gene of claim 1 wherein said 

protein is a retroviral or lentiviral protein. 

12. The synthetic gene of claim 11 wherein said 
protein is an HIV protein. 

13. The synthetic gene of claim 12 wherein said 
20 protein is selected from the group consisting of gag, 

pol, and env. 

14. The synthetic gene of claim 13 wherein said 
protein is gpl20 or gpl60. 

15. The synthetic gene of claim l wherein said 
25 protein is a human protein. 
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16. A method for preparing a synthetic gene 
encoding a protein normally expressed by mammalian cells, 
comprising identifying non-preferred and less-preferred 
codons in the natural gene encoding said protein and 
replacing one or more of said non-preferred and less- 
preferred codons with a preferred codon encoding the same 
amino acid as the replaced codon. 
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Synopl20m« 

I C7C3ACATCC A77G7GC7C7 AAACGACA7A CGC3GCCACA CACCC7CACC 
51 7GGGG7GCCC AGCTCCrCAC GC7GAGGCAA GAGAAGGGGA GAAACCA7CG 
i:i CGA7GGGG7C 7-GCAACCG C73GGCACC7 737ACGTGC7 G3GCA7CC7G 
15 : "C3C77CC3 -CTAGCCAC GGAGAAGG7G 7GGG7GACCG 737AC7ACCG 
201 CG7GC=rG73 7GGAACGAGG CGACCACCAC CC7G77C73C GCGACCGACG 
251 CGAACGGGTA CGACACGGAG 575CACAACG 737GGGCCAC CZAGGCGTCC 
v.GCCGAGGG a:c:cAACC= CGAGGACG73 GAGC7GG7GA ACG7GACC3A 
251 3AAC77CAAG A7G7GGAAGA ACAACA7GG7 GGAGCAGA7G CA7GAGCACA 
?=ATC " 3 ~~ ^"GGGACCAG AGCG73AAGC C~ 3C37CAA GC7GACCCCC 
451 "37GCG7GA ( :~ GAAC72 CACGGACCTG AGGAACACCA CCAACACCAA 
i.l CAACAGCACC OTCAACAACA ACAGCAACAG CGAGGGCACC A7CAAGGGCG 
5:1 GCGAGA7GAA CAACTGCAGC T7CAACA7CA CCACCAGCA7 "GGCGACAAG 
501 A7CCAGAAGC A37AC3"77 3C7S7ACAAG C7GGATA7C3 T3AGCA7CGA 
«1 CAACGACACG AGGAGC7ACG GCC7GA7C7C C7GCAACACG AGCC7GA7CA 
"I CrCAGGCC7G QCCCAAGA7C AGCT7CCACC CGA7CCGCAT CGAC7ACTCC 
: " 3C - = "SCCG $=77C3CCA7 CG7GAAG7CC AACGACAAGA AG77CAGCGG 
301 CAAGGGCAGC TGCAAGAACG TGACCACCG7 GGAG7GCACC CACGGCA7CG 
rSl GGCCGG7GG7 C^GCACtGAG G7777GC7GA ACGGCAGCG7 GGCGGAGCAG 
5C1 GAGG7GG73A rCGGGAGCCA GAAC77CACG GACAACGGCA AGACCA7GA7 
951 CG7CCACC7G AA7GAGAGCC TGCAGA7CAA C7GGACGCG7 CGCAACTACA 
12C1 ACAAGGGGAA $=GCA7CCAC A7CGGCGGGG GGCGGGCG77 C7ACAGCAGC 
1C51 AAGAACA7CA TCGGCACCA7 CGGCCAGGCG CAC7GCAACA 7C7CTAGAGC 
1101 GAAG7GGAAC CACAGCC7GG GCGAGA7CG7 "AGCAAGC75 AAGGAGCAC7 
1151 7GAAGAACAA CACCA7CG7G 77GAACCAGA GCAGCGGCGC CGACCGCGAC 
lid ATCG7GATGC ACAGCT7CAA C7GCGGCGGC GAAT7C77G7 AC7GCAACAC 

::s; cagcgg:g7G ttcaacagca cc7ggaacgg caacaacacc tggaacaaca 

13 01 CGACCGGCAG CAACAACAAT A77ACCC7CC AG7GGAAGA7 CAAGCAGA7C 

13 SI ATCAACATCT CGCACSAGG7 GGSCAACCCC ATCTAC3CCC CCCCCATCGA 

-<01 GGGCCAGATC CGG7CCAGGA CCAACA7GAC CGG7C7CG7C C7GACCCGCG 

14S1 ACGCCCGCAA CCACACCGAC ACCAACGACA CGGAAA7C77 CCGCCCGGGC ( 5HB£T 1 OF 4 ) 
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-501 ICCGCC3ACA ~ 



CACAA C7CGAGATCT 3ASCT37ACA A37ACAAGC7 

GCTGACGA7C ^CCCCCTGG CC37GG3 -A-i. 

— *-»AACOCC AACC3C-C""" 

:«i rcctccAccG eaaw:: 7aaagcggcc zz Cssctio voy) 
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i AK5A6AA5C -TCCG7GAC CGTG7ACTAC ZV.Srr.r~ 73735AAGCA 

:: -ctagcac; A.:=rrrrr~ csccaaggcs tacsacaccs 



::: ajg7gcacaa c;7G7gggc- a— 1=.- — 

As*....... ^zrzzzzxz ::Ac;rrAAc 

;c::aggagg r:=Ajrrr;r iaakt-tacc gasaacttca aca7G7waa 
::: saacaacats ctssascasa t,»t.,a=ca catcatcacc "G7gcgacc 

:!i AGACC775AA AASCT=ACC= "-=73==7 =AC=~=AAC 

7=cacc=a.-7 t-.aggaacac rAr-oicAcc aacaacagca : ~ :;V£m 
:aaca.-.caa: ,v:c;a353CA ::at=aa=== c:;c=acat= aagaac7gca 
«: -..-tcaacat cvc:a::a:c at:::c=aca asa-scu ==ac-:ac=c: 

~~~ACA A5C7GGA7A7 737SAGCA7C =ACAAC=.-.CA ^ACCACCTA 

::: :r:rr~Arr r: 
=>:: at:~:aa:t ccaac:;.:.-.-. jaagttcagc =gcaa=ggca gctgcaagaa 

- - a:C77777C7 saa^gcagc " 

:.\s.\Acr:-.A cggacaacgg gaagac^ ArrsrscAcc tcaatsacao 
-g.gcaga7: aactgiacgc :T:rrAAcr» zxxr^czzz mzzzxzzz 
" ;AT - 3C::: ttctacac.^a ccaacaacat 7A7c:gcac: 

-""—agg ccrAcrcrAA cat— ~aca gccaag7sga accacacc— 
:-"c:A=A7r cfsagca*.-,- --aaggagca — caagaag aagag=a7== 





~z:z\z:z:z aga7cg73at ccacacc— r 
~™""" r2 ^ =AA ~"- "a:t=caa: aciaccgc- r=rr.-AACAS 
-ac-ggaac sgcaacaaca "7ggaacaa ca=--.cvggc agcaacaaca 
:::: ata— accc? c;ag7gcaag atcaaccaca ._• 
.101 37sogcaagg 
12 si -agcaaca7c 
:::: ;rAc;.v.-UA 

.;.ac7ggaga7 ctgag—sta caagtacaa.-. .--gg7gac:a tcgagc;;;? 
:::: ctcaccaagg -:aa.-„-.-;c:; c:tggtgcag cgcgagaacc 
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usi zzzczzzcxz zzzzzzzzrz zzzzzzzzzz rzzzzzzczz ggcgggcagc 

1501 ACCATCCGCC ZZZZZXZZZT GACCCTCACC CTCCACCCCC GCrTCC7CC7 

1551 3AGC3GCA7C ^TCCACCACC AGAACAACC7 ZZZZZZZZZZ A7C3AGGC7C 

Is 01 ACCACCATAT Q^CCAGCTC ACC37G7GGG 3CA7CAAGCA 
l£rl C:3T3C^C;3 C7ACC7GAAG 3ACCAGCAGC T~ 

rtGGGG— gc t::ggcaagc tgatctgcac cactacggta err: 

'ril CCTCCTGGAG CAACAAGAGC C7GGACGACA TrTSGAACAA CA7GACC7GG 

:=:: atgcagtggg xzzzzz^zkz ccataactaz acgagc—ga tctacacc— 

1 = 51 rGTGGAGAAG A3CCAGAC77 AGCAGGACAA CAACGAGCAG GAGCTGCTGG 
15 CI AGC73GACAA CrCGGCGAGC -7G7GGAAC7 3G77CGACA7 CACCAAC73G 
13:1 Z7G73G7ACA T7AAAA777? 3A77A7GA77 37GGGC3G7C 73G7GGGCC7 

:::: :c3CA7C3?g ttzzzzzzzz t:agcat: 
;:51 acagccc777 c^gcc7ccag 

rcccccsACG cca7CGagga cgagggcggc gagc-cgacc scgacaccag 

IIS'. r~3CACGC7r $7GCAC3GC7 7CC73GCSA? 7A7C7GGG7C zxczzzzzza 

2 251 Z3CA7Cw7CG AAC7CC7AGG C7GCC3CGGC 7GGGAGG7GC TGAAG7AC7G 
:30i 37GGAAC77C C7CCAG7A77 CGAGCCAGGA 3C7GAAG7CC AGCGCC37GA 
;:51 ZZZ7ZZZZ,\A C^CCACCwC" A7ZGCCG73G IITGAGGGCAC C3ACrCC37C 

tATCCGcrAG ggc7cgaga ^gcgc?™ 3 IS^Q. IV ^Olii*> 
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1.4 kb 




CDS 
signal peptide 



2 



^ _ 4 



_ _5 



CD4 
binding site 

7 

Z 3 



rlGVKZ 2 
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FIGURE 3 
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9P120 (ng/ml) 



gpi 20iiib 
gp120mn 
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FIGURE i 
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FICURE 5 
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